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(Continued)

The Nb-Al system has been used as a model system to study the phase trans-
formation in metastable alloys by using the superconductivity of the AlS
phase to determine the composition with the highest Tc, and the lattice
constant to determine the average composition. By depositing Nb-Al in a
phase spread orientation onto substrates at -9°C, the bcc structure has
been extended to about 40 at % (well above the equilibrium 9%). Subse-
quent annealing experiments transformed the bcc phase to Al5. It was
found that stoichiometric Nb,Al could be formed in the Al5 phase well
above the concentration of tRe Al at equilibrium which is 22%, when the
slopes of the free energy curves of the respective phases are equal. Thus
the particular shape of the (free) energy curves is important and can
determine the composition of the precipitated phase.

Nb-Sn-Ga alloys were prepared and studied as model systems to investigate
the influence of third element additions on the normal and superconducting
properties of alloyed Nb,Sn phases. In spite of a decrease in the density
of states at the Fermi 18ve1 with increasing Ga content and upper critical
field, BC was found to increase. B ? maximized at 1 to 1.5 at % Ga for
reaction %emperatures at 700°C. Higﬁ critical fields up to 31.5 7

(at T=4.2K) have been achijeved. e

Additions of Nb, Ta, Sn, and Pt to V,Ga were studied by co-depnsition of
the elements along with V and Ga. TRe accepted model of spin-orbit
scattering predicts that substantial increases in critical field should
have been observed. However, no increase was seen with any of the above
additions. Further work is need to rule out unusual microstructural
features before looking for a basic breakdown of the models of spin-orbit
scattering.

New ion sources have been developed withzhigh performance at low energy
(1-100 ev) and high flux (.2 - 1.0 ma/cm™). The low energy prevents
damage to ordered compounds and the high flux is desirable to match the
arrival rate of evaporated metal atoms. The jon beam has been used in
test runs to prepare NbN C , and in the hydrogen doping of amorphous Si.
Future potential app1ica§i¥ns which have been identified include:

(a) other compound synthases (nitrides, carbides, oxides and borides

of most elements); (b) surface mobility enhancement, including grain size
control, internal strain modification, removal of impurities, gases, and
low-temperature growth of ordered compounds; (c) interface modification
of compounds (ion assisted wetting); (d) metastable high-pressure high-
temperature phase formation.
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(Continued)

The Nb-Al system has been used as a model system to study the phase trans-
formation in metastable alloys by using the superconductivity of the AlS
phase to determine the composition with the highest Tc, and the lattice
constant to determine the average composition. By depositing Nb-41 1in a
phase spread orientation onto substrates at 0°C, the bcc structure has
been extended to about 40 at  (well above the equilibrium 9 ). Subse-
quent annealing experiments transformed the bcc phase to Als. It was
found that stoichijometric Nb,Al could be formed in the Al5 phase well
above the concentration of tﬁe Al at equilibrium which is 22 ., when the
slones of the free energy curves nf the respective phases are equal. Thus
the particular shape of the (free) energy curves is important and can
determine the composition of the precipitated phase.

Nb-3n-ua ailoys were prepared and studied as model systems to investigate
the influence of third element additions on the normal and superconducting
properties of alloyed Nb,Sn phases. In spite of a decrease in the density
of states at the Fermi 1gve1 with increasing Ga .ontent and upper critical
field, BC was found to increase. B 5 maximized at 1 to 1.5 at  Ga for
reaction %emperatures at 700°C. Higﬁ critical fields up to 31.5 7

(at T=4.2K) have been achieved.

Additions of Nb, Ta, Sn, and Pt to V,Ga were studied by co-deposition ot
the elements along with V and Ga. The accepted model of spin-orbit
scattering predicts that substantial increases in critical field should
have been observed. However, no increase was seen with any of the above
additions. Further work is need to rule out unusual microstructural
features before looking for a basic breakdown of the models of spin-orbit
scattering.

New ion sources have been developed with,high performance at low energy
(1-100 ev) and high flux (.2 - 1.0 ma/cm”). The low energy prevents

damage to ordered compounds and the high flux is desirable to match the
arrival rate of evaporated metal atoms. The jon beam has been used in

test runs to prepare NbN C , ¢ ° 'n the hydrogen doping of amorphous Si.
Future potential app1ica§i¥ns ~~7 " have been identified include:
(a) other compound syntheses (r. des, carbides, oxides and burides

of most elements); (b) surface mobility enhancement, including grain size
control, internal strain modification, removal of impurities, gases, and
Tow-temperature growth of ordered compounds; (c) interface modification
of compounds (ion assisted wetting); (d) metastable high-pressure high-
temperature phase formation,




PUBLICATIONS
(1 Apr 84-30 Sep 84)

"Response to 'Comment on Tunneling azF(*) as a Function of
Composition in Al5 NbGe'" by B. R. Sood, by K. E. Kihlstrom
and T. H. Geballe, Phys Rev B, 27, 3082 (1983).

"bhase Transformations in Metastable Nb-Alloys, by R. Bormann,
D.-Y. Yu, R. H. Hammond, A. Marshall, T. H. Geballe, to be
published in Proceedings of the 5th International Conference
on Rapidly Quenched Metals, Wurzburg, FRG, Sentemter 1984.

"Superconducting Materials," by M. R. Beasley and T. H. Geballe,
Physics Today, pp 60-68, October 1984

"Critical Magnetic Field of V.Ga Thin Films with Third Element
Additions," by P. M. Tedrow, 3. E. Tkaczyk, R. Meservey,

§. J. Bending, and R. H. Hammond. Proceedings of 1984 Applied
Superconductivity Ccnferencc, San Diego to be published in
IEEE Transactions on Magnetics, 1985.

"Al5 Nb-Sn Tunnel Junction Fabrication and Properties," by
D. A. Rudman, F. Hellman, R. H. Hammond, and M. R. Beaslevy,
J. Aprl. Phys. 53, 3544 (1984).

"Phase Relationships and Superconducting Proberties o
Ternary Svstems Used in the Bronze Process, by R. Bormann,
Adv Cryogenic Erngineering 30, 659 (1984).

"mowards an Understanding of the Limits of Superconductl
vv T. H. Geballe, presented at the Distinguished Lecture
Series, N. Mexico, October 1983.
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Annual Technical Report - Contract No. F49620-82-C-0014
Perjod: 1 Apr 84 - 30 Sep 84 (PI: T. H. Geballe)

Visitors and Seminars

1. George Mozurkewich, Physics Department, UCLA
"Charged density waves"
April 5, 19Y44

2. Gerd Bergmann, IFF der KFA Julich, West Germany
"Weak localization in thin films -- a time-flicht experiment with
conduction electrons"
April 17, 1984

3. Hidetoshi Fukuyama, Institute for Solid State Physics, University of Tokyo
April 17, 1984

4. Masaki Suenaga, Brookhaven National Laboratory, Upton, NY
May 16, 1984

5. V. Ambegaokar, Cornell University and Instiiuce for Theoretical Physics,
UC Santa Barbara
"Microscopic theory of shot noisc in the Josephcon effect”
May 17, 1984

6. G. Sawadsky, University of Croningen, The Netherlands
"Electron spectroscopy studies of the electronic structure of dilute
transition metal alloys"
May 24, 1984

7. H. Poppa, NASA, Ames Research Center
"Physics and chemistry of UHV deposited metal particles and clusters”
June 7, 1984

8. J. E. Xunzler, AT&T Bell Laboratories
June 25, 1984

9. Jean-Paul Maneval, ENS Physique des Solides, Paris, France
August 1984

10. Atsushi Kome, Institute of Materials Science, University of Tsukuba,
Ibaraki, Japan
August 1984

11.  William McLean, Rutgers University
Septemver - November 1984

12. H. Weinstock, AFOSR
September 6, 1984

13. R. Flukiger, Institute fur Technische Physik, Karlsruhe, FRG
September 13, 1984




yisitors and Seminars (Continued)

14.

15.

16.

17.

18.

David F. Moore, Cambridge, England
September 14, 1934

Rudi Bormann, Universitat Gottincen, FRG
September 15-30, 1984

Tord Claesson, Chalmers University of Technoloay. Gothenburg, Sweden
September 17-21, 1984

Alex Braginski, Westinghouse Research Laboratories, Pittsburgh, PA
September 17, 1984

Oystein Fischer, E.T.H., Switzerland
September 18-19, 1984




Annual Technical Report - AFOSR Contract No. F49620-:2-C-C014
Period: 1 Apr 84 - 30 Sep 84 (Pl: T. H. Geballe)

Committees

The National Research Council

Sclid State Science Committee

Ad Hoc Committee for NSF-MRL Directors

Member, Editorial Board of Chinese Physics, AIP

Member, Editor for Materials Letters, North-Holland Publisning Company,
The Nethertlands

Member, Committee for the American Physical Society International Prize for
New Materials

Member, Advisory Board of the Miller Institute for Basic Research in Science

Member, Program Committee for meeting on "Materials and Mechanisms of
Superconductivity" in Ames, lowa, May 29-31, 1985

Scientific projects are being carried out in close collaboration with industry

R. M. White, Xerox Corporation, Palo Alto, California

J. Boyce, Xerox Corporation, Palo Alto, California

1. H. Wernick, Bell !aboratories. Murray Hill. New Jersey
J. M. Rowell, Bell Laboratories, Murray Hill, New Jersey
C. W. Huil, Bell Laboratories, Murray Hill, New Jersey

M. Hong, Bell Laboratories, Murray Hill, New Jersey

W. P. Lowe, Bell Laboratories, Murray Hill, New Jersey

X

Greene, 18M, Jan Jose, Talifornia
J. Harper, I[BM, Yorktown Heights, New York
A. Braginski, Westinghouse Research Labnratories, Pittsburgh, Pennsylvania

. Green, Naval Research Lab, China Lake, California
. Rehn, Naval Research Lab, China Lake, California

<< I>

New discoveries, inventions or patent disclosures

None
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PUBLICATICNS

"The Science cf Useful 3upercconcuctors — z2nd 3evsond,”

bv T. H. Geralle, IEEZ Trans. Mag. MAC-12, (182:Z).

"Phase Stabilility of Al3 MNb-3n," v F. Hellman, 2. A. Rudnar
R. H. Hammoncd and T. H. Gezalle, 3ull. Am. 2hvs. 3cc.,

28, 262 (1982).

"The ZfZfect of Annealing on Sputtered Multilavers of

NbZr," bv P. R. 3roussard, W. P. Lcwe anc T. H. Zekbzalle,
Bull. am. Phvs. Soc., 28, 298 (1283).

"Sveciiic Heat of Thin Film Amcrznous Molykzdenum 2ased
Alloys," by D. Mael, W. L. Cart2r, 5. Yoshiz .1 anc
T. H. Geballe, 3Bull. am. Phyes. 5cc., 18, 263 (123Z).

"Anrealing ZiZfscts on Superconcauctiviity oI Amorzhcous
Vapor Quenched Mo,-xGe  (x = 22)," by S. Yosnizum:

and W. L. Car<tasr,*Bull? Am. Phvs. 3cc. 28, 287 (1232).
"Tanneling Prozer<ties of Zr:0  as ArtifiiIcizl Barrisrs

in Superconductong Tunneling Junc=ticns," v S. Celzschi,
R. #. Hammond, T. H. Gepbai.e. W. P. Lowe z2nd A, Zreen,
Bull. Aam. Phys. Soc. 23, 422 (1232)

"SBarrier Faprication and Tunnellng 1nto Spuctersd Muloli-
lavers of lUbZr," by W. P. Lowe, S. Celaschi znd 7. 5. G 22
2ull. An., rhys. Soc., 28, 508 (1983).

"Wbir Multilavers I: Structure ané Sucerconductivizy, "

W. 2. Lcwe ancd T. H. Gepalle, sucmizted to Phvs. Rev.

"NbZr Multilavers II: EZxtenced X-ray Absorzticn Fine
Structure Study," by T. Claeson, J. B. Bovce, W. P. Lowe
anc T. H. Gebkalle, submitted to Phvs. Rev,.

"Flux-2inninc and Tnhomogenelties or Delscits 1n AmcrThous
Superconducting Mo.Ce, Films," by Shozo Yoshizumi,

W. Car-er and T. 4. G&balle, to appear 1n the proceedings
cf the 5th International Conierence on Lizuid and Amorpnous
Metzals, Los aAngel=s, {1383).

Josephson Junctions," bv S$. Celaschi, T. H. GSbél

"Tunneling Properties of Single Crystal Nb/lNb.0./P:
T. le
794 (1282).

and W. P. Lowe, Appl. Phvs. Lett. 13,
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13.
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22.

"High Pressure Study oI Scme Thlu,Si,-Type Ternary Cemccunds,

by P. #. Hor, ¥X. C. Jin, M. ¥, We, TV H. Lir and C. W. Chu, T.

H. Geballe, G. W. Hull, Zr., J. H. Wernick, R. L. Menc and Z. X.
Zhao, sutmitted to AIFLZT IX, 24-2%, Juliy 1343, Albany, N. Y.
"Surerccnductivity in Ternzary Heusler Intermezallic Ccmpounds,”
by J. H. Wernick, G. W. Hull, T. H. Geralle, J. E. Bernardinl

ané J. V. Waszczak, Materlials Letzers, 2 S0 (l28:z).

' 3 L 33 = 3 . = P Lepd e
"Tewards and Uncderstanding of the Limits oI Sucerccenductiviczcy,”
oy T. H. Ceralle presentad at the Distinguiszhed Lecture Seriss,
New Mexico Institute for Mining, New Ma2xicc, Cctczer 20, 15833,

" ..r < ~ L e e i o~ " SO ™ - =
Materizls: Analcgue Answers in a ZizTizal 2ce," v T. H. Geralle
submitted to Phvsica.

"New Pcssitilities for Niobium-3ased Josecthscn Tunneling," zv

S. Celaschi, T. H. Cebaile, and R. #Z. Hammgond, suzmizioad &
Journal of Apglied Physics.

"Further Investigaticns of Solid-Licu. i Inc ~nd Hich
Field Critical Current Densitw in Lizuii-In b Ng-&n
Concductors,"” M. Heng, D. M. Maher, 7. Hellnan, T. H. Geralle,

J. W. Ekin, and J. T. Holthuls, sutmizted tc the Arolied Scucer-
concduczivity Ccnierence, San Diecc, Sectemfer 1624,

"The Effzct of Non-Hvdrocstatic Strain cn the Surerconducting
Procer=zi=ss of In-Situ Formed Cu-Nb,5n Filamentarv Cocmoocsizes,”

cv J. Beuk, W. A. Suncder, F. Hellmidn, and T. H. Getalle, sutmizte
to the Aprlied Supercendcutiviiy Coniarence, San Dieco, Serctemkber
1384,

"Crzgin of the B~7 Ernancement in Ternary Nb-Sn Phases," bLv

R. Bormann, D. YT Yu, R. H. Hamr nd, A. Marshall, and 7. &
Geralle, submitted to the Applied Sucrerconductivity Confar. nce,
San Disgc, Sertemper 1984.

"Thin ©ilm Growth of Stable AlS Compounds," by F. Hellman, H.

Geralle, Bull. Am. Phvs. Soc. 28, 385 (1984

The Metal-Insulator Transition in Amcrzhous Molvkdenum-Cerma. ium
Allcys," by S. Yosnizumi, D. Mael, and T. H. Getalle, submit:ted
to the Interratlona~ Ccnference on HEeavy Doping and the Metal-
Insulztcocr Transition in Semiconductors, U.C. Santa Cruz, Ca,

30 Julyv - 3 August 1984.

"The Specific Heat of Niobium-Zirconium Multilayers," by P. R.
Broussard, D. Mael and T. H. Geballe,

-

[o])

Submitted to Physical Review.
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11.

12.

13.

Dr. M. Gurvitch, Bell Laktcratories

"Boltzmann Transocrt and the Saturation oI Zlzcirical
Octoker 45, 1983

Dr. Gloria Lukkin, Editcr, Physics Todav

"The Search for Stcries: The Stories IZor Searcn”
Octoper 26, 19833

Dr. Jim McGroddy, IBM, York=own Holghts
Cctoper 27, 1983

Dr. Gerd Binnig, IBM Zurich Research Labcratorw
"Scanning Tunneling Microscopy, an Atcmic SurZzace Pro
November 11, 1983

rofessor Hans Dehmelt, University of Washington
"Elementarv Particle at Rest in Space: g=-faczors and
Structure of ET/ET"

Novemtzer 11, 1983

Dr. Zachary Fisk, Los Alamos National}Laborat:ry
"Uranium Based Electronic analogs cf ~“Helium(?)"
Novemper 22, 1983

Dro‘essor Sicdnev Drell, Deputy Directzcr 3LAC

"Nuclear Weapons: Derfense vs. Deterrets”

Noxemuer 30, 1983

Dr. James Boyce, Xerox, Palo Alt

"Microstructure of Random Solid Solutions: EXAFS Stu
December 8, 1983

Dr. Richard Kovama, Tektronix Inc. Beaver*on, Cregon
January 5, 1934

Dr. Clvde Kimrcall, Northeastern Universite
January 5, 1984
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Professor Rudolf Peierls, Oxior
"Momentum and Pseudo-Momentum”
January 17, 1984

Dr. Gordon C. Osbourn, Sandia Laborator:i=s
"Strained Layer Semiconductors"”
Janaury 26, 1984

Professor M. Brian Maple, University o
"Superconductivity, Magnetism and a Po
New Superconducting State"

January 11, 1984
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VISITORS AND SEMINARS (Cont.)

14. Dr. F. DiSalvo, Bell Laboratories
"Non-Linear Charge Density Wave Prcperties oI 2otassium

Molvbdenum Bronze (KO 3Moo3)"
February 2, 19584 :
15. Dr. Bernardo Huberman, Xerox PARC

"Dynamics of Computing Structures"”
February 15, 1984

16. Dr. John Rowell, Bell Laboratories
February 12-23, 1984

17. Dr. Jene Golovchenko, AT&T Bell Laboratories
"X-ray Wave Optics at 1 A"
February 23, 1934

18. Dr. R. Becker, ATs&«T Bell Laboratories
"Alice in Wonderland: Atcmic Surfaces Imaged with
AT&T Bell Labs Tunneling Microscope"
March 9, 1984

12. Dr. George S. Brown, Dept. of Applied Physics & SSRL
"Recent Advances in Synchrotron Radiation Research”
March 14, 1984

20. Dr. A. Kapitulnik, Universitv of California, Santa Barkara

"Percolation Processes in Thin Films"
March 12, 1984

21. Dr. J. Orenstein, AT&T Bell Laboratories
"Photogenerated Excitations in Conducting Polymers"
March 15, 1984
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The National Research Council

Assembly of Mathematic and Physical Sciences
Solid State Science Committee

Ad Hoc Committee for NSF-MRL Directors

Member, Editorial Board of Chinese Physics, AIP
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Member, Editorial Adviscor for Phvsics and Chemi
Materials with Low~-Dimensional Struchur
Publishing Comrany, Dordrecht, Holland
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Member, Editor for Materials Letters, North-Holland Publishing
Company, The Netherlands

Member, Committee £for the Americzan Phwvsical So.._"y Intsrnational
Prize for New Mater:ials

Memper, AaAdvisoryv Board of the Miller Institute for Basic
Research in Science

Scientificorotects are being carried out in close collabora=-icn
wizh industrv.
R. M. White, Xerox Corpcration, Palo Alto, Califorrnisa
J. Bovce, Xerox Corporation, Palo Alto, California
J. H. Wernick, Bell Laboratories, Murray Hill, New Jersevy
J. M. Rowell, Bell Laboratories, Mrruav Hill, New Jersey
C. W. Hull, Bell Laboratories, Murray Hill, New Jersey

M. Hong, Bell Laboratories, Murray Hill, New Jersey
W. P. Lowe, Bell Laboratories, Murray Hill, New Jersey
R. Greene, IBM, San Jose, CA
J. Harver, IBM Yorktown Heights, New York
A. Braginski, Westinghouse Res. Laboratories, Pittsburgh, PA
A. Green, Naval Research Lab., China Lake, CaA
V. Rehn, Naval Research Lab., China Lake, Ca

New Discoveries, Inventions or Patent Disclosures

NONE




Persons Working on Ccntract Zuring =Zhe Pariod

1l Octokexr 18983 - 31 March 1984

Hammoncé, Robert H. Senlor Researcn Ass=cclate
Hellman, Frances Ph.D. expectad Fall 12184

Mael, David Ph.2. expectad Summer 198
Yoshizumi, Shoz Ph.D. excected 3ummer 138
Broussard, Phillip Ph.D. expected Summer 128
Park, Sung Ph.D. expected Summer 198
Kent, Andrew Ph.D. exrectad Summer 193
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